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(Receivtsd 25 June 1996byEdnorJ. StOrzoOechcr, rsvfsed^^xepted IS August 1996) 

Absuict The amallcst cirajlatlj:ig von WIQcbrand factor (vWF) molecule U a dxmcr composed 
of two idaiDcal subunhs conlaining binding sites for heparin, collagen, plaiele( 
glycoproteins and coagulation fioor VIII (FVTO). Intcrdimcric disulfide linking loadi 
to muldmcrs composed of up to 40 dimcn. vWF scrva as a earner of FVffl and is 
required for oonnal intcraCDOOs ofptaldcis voth the subcntJotbdium of ihc iijured vtssd 
wall. Von Willcbrand factor was purified from human plaima cryopredpilatc and 
fomentation wpcmatant of recombinant CHO cells by anion exchange 
chromatography. Heparin aflSnity chromalograplty was used lo isolate vWF polymers 
of different degree of raultimerijfcation. Analysia of collagen binding and platcici 
aggregation revealed thai those activities increase with increasing degree of 
mullimcrizarion of vWF. Binding of FVni to vWF was smdied by real-time biospcdfic 
Intoiction analyrn and surfax plasmon technology. The b'mding data showed that the 
binding of FVm is independent of vWF multimcriialioa Using rtcombinant FVm and 
recombinant vWF, rcal-dmc biospecific imerajcaon analysis resulted in a potcnlijl 
sioichiomcay of 2 to 15 vWF^sabunits per boimd FVm molecule. The bnedc analpu 
of the vWF-FVm imefaciion resukcd in a binding rate constaoi of about 3 x ICT NT a" 
and an equilibrium dissociation constant of about 0.4 x 10'' M. 

The adhcave pojtan von Waichtfand &cior exists in himan plasma as a scries of heterogeneous 
homo-muhimcn ran^ in si2c from about 450 IcDa to more than 10,000 kDa (1-4). The pn»ii3or 
polypeptide produced in endothelial cdls, pre-pn>-v\VF. consists of a 22-rcfflduc signal pqrtide, a 74 N 
residue pro-peptidc and the 2050^'due polyixrpiide found in mature plasma vWF. After rcxnovaJ of 

Key words: Rccomb'mant von WiUebrand factor. multimeriratSon, factor VTO. collagen binding, 
heparin, ristocetin colinior activity. 
•Coacsponding author. 
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™^ ;« ft comolcx biosynihcoc process 
^ pro-vWF fubumts trt mgagcd m =^ through 

jimoureuj .L,^j modification of vWF (8-1!*) II u •tMv .. ,dv»ntagoou» to isolaic 

^"^T^^^^^^^' ^"'^^ nSSo of vWF -s 

^uoa .nd colbgo. btncfin^ _^ ^ 

. . vWF was purified from fcnnenudOD ~P«^i°V(hum«n pl«n»^eriv«l 

co4gulauon fictof vm u«"b 
resonance technology. 

MATSUALS AND METHODS 

IU^^in,cbiospcaficjn^*«;on Jjjy yJ!f^st^^'^'<' 
QMS end anunc coupUng mi eUianolanune hydrochlondt were odi , 

bv larw 3c«lc fcmcntAtion of recoinbin«ni Jj^^ antibody. MAb AvWaa. 

from Bio-Rad. Hercules. USA 
chfomaiography and hcpann x 
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Tri.^uffa. vWF coauimng fr«aon» 1^ w« chited with 100 

filtered through Fr»ciogcI Of "^^^ by 120 mM 

CoDceitnuon of vWF '^^'^V'-r^'^ vWF (data not shown). Binding aatvity of 

dctcmiruiuon not affcrtcd by '^^^'"^^j;'^^ p^^^^ (22). Briefly, huniaa 

collagen. t^l^B'=°i«*^,!,^;3tiro^ (RbtoCoF) was dctmnincd by a nstocctm 
conjugate. Ristoceun cofactor actw^of ^^^^^^V^ gd elcctiophorciis « 

cofia^r assay, Muju..^^^^^^^ 

described previously (20. 21). . „ , njonbrene. Visualization of vWF 

electrophoresis and were then Wotted ^"^^^^ "^"body a rabbit ami- 
ntultin^ ^ earned out by ""^^-^^^f^r^^jS alEbosp^ conjugated 
human voa WOIcbnnd f^^l^^ ^'^^JS -^So^ned with tSe nitroblue 

CMS surface.by ^'^f^l^'^'^T^tr^^^^^ ^^^f^ 
activaicd sensor chip surfea (£S. ^J*^; J^, ^.vWF and bp-vWF were disioh/cd la 

in^bilinidon resulted l«^r«ponse ^ .XLrfkctl P20 (HBS4,uffer) to a 

10 mM HEPES pH, 7.4. 150 mM NaO. I ^^^^^\% , of vWF dihrtion was 

vWF:\g concemration of 20 pgJJ- For "Ch ^^^"""y^" j^Xn «>d wu allowed to 

injcctcd'ove, th. »-.or c«P -^^^ i^^S^ °';"t?' 
intcnct with inanobllued AvWB/2 (g^J^^'^j^S.^J^ vo, washed ftom th- dup 
vWF w«-e bound per mm' J^P h^^^Jfl, ^ddidonaDy washed with 20 nl 

^rface by injecting 20 ^ ««^^'=f^f?;^'^tion^^ VUL Me.suren«n of 
250 mM CiCb w eluie concom»t«itt tr««s ^'^g^ SJ'^.^tci m vWF response units 
response unit, after bindit^ ^jj^^JS 

(Rul.). 60 m r-FVm (2.5 j;,??^^ dnp sur&ce. Binding of r.FVm 

flow rate of 5 ^J/ml to r«« with ^^^^^J^^^^ of irsponse units « the end of the 
,o vWF was recorded condnuoudy ^^^^^^^^-^^ QoS, was continued it the same 
„h.«r«uhodinI^res|x,nse u.-^^ ^^^^^ D). 

with HBS^uffer. Satiated by equation: vWF-^ : 

Apparent stoiduometry of the ^^r^-'^^"*'"^ „o 000 / 225,000. wbcrc 330.OO0 ^ 
?5?n - (RUv*r ' RUbO / t^"?? ■ Id vWF rcspe^. Dissociation rale 

225.000 refere to the moleaJar ^^'^^.'^^^H^-^i^P^ 
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RESXA.TS 



vWF ^ purified from humnn plasma ciyoprcopitat. »nd fmm f=nncnUi.oj ^l^^^ 
I.««,^m CHO cdls by combination of anion ccchage chromitogrnphy and hcpann affinity 

-"TS «SL vU >2 mU/w vWF:Ag. respectively. EuUon of anion cxchAngc 
acuvtt.cs \7 "U/jig '^^^^ J^^^^ J,, ^„ „^umer pattern, rangmg 

vWF composed mainly fJ'^^J'^"^^ vWF-tctramcr and traoo amounts of vWF- 

resulted m a mixture «olaicd with 190 mM NaO and a 

'^'"^'I'^'cTvwily^^^ «r-cr up .0 the >srg«t polymcn. wa. obtained « 



B 




FIG. I 



. „ «f hn-vWl? fAI »Dd r-vWF (B) wid» vanoui degree of 
polynienzaunn. Mijnjner a^ hcp«in.iffi~ty 

chromaiography. 
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TABLE I 



Conccniraiidn (CoUagcn biadmg / vWF.Ag). 



S ample 



Ri5ioCoP/vWF:Ag 



Collagen bandins/>^ WF: Ag 



0 
0 

6.3 
36.0 
76.0 



0 
0 

1.9 
14.1 
40.0 



hcparin-afEnity duAitt at 
llOmMNaO 
160tnMNaCl 
190 mM NaCI 
230mMNaa 
^gOmMNaa 
r-vWF 

hcparin-affiniiy clu^lcs al 
120 mM NaQ 
160mMNaa 
l90mMNRa 
230 mM NftCI 
IRQ mM WaQ 

CTtTi. The comprise, bctwc^^^ajm.^^^^ ^ binj^ 

activity of as wen « '^^^Ij^i ^'X^'^^ons.coni^^ng high moleculi^ w«ght 
HJghCTi acdvities were detected in vwr 

nmltuncn. 

^ysi, and uufac pUsmon "^^^^^ '^';^w£2\m covricnUy inunobHiztd tht chip 
„d the mooodoonl tnii-huinan vWF coupUng yiddcd the b-^c Imc 

"rfacc via .nrine coupling. Mc^'^^^^^i^^av^rsa^ Sup surfece and vWF w« 
Wuc (RUbl). Thcu. vWF prcpmnoij "^.iStlbiXg 0.55 ng vWFiAg were 

captured by immobilktd '^^WB^Jph-fc m«3 bojmd to 

tound per m«» of .er»or chip surfiux. T^^"^^" " ^^a.r). Non4,ound vWF >v« 

scrJof chip surface «k1 " '^,,'"0^ ^"-^ ^"^^ " 
jL^ed from 'the surftce by buffer ^'^'^^'^c^ Next. r-FVm h^""^ 
„.e«..forvWF coacer^^^ . further .ncrc«c .n 

over the letisor chip surfiMx. BiDouig »» 



r. 
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TABLE 2 



• ;^JvsisofvWF^FVm.DetcmmuonofR.teCon5Un» 

Blospcdfic InlOTCtioo Analyas oi v 
^idESbriomDwociotionConsunl.. 



Sample 



Stoichioraeuy 
vWF-subunh : FVIE 



r-vWF 120 roM duaie 
j.vWFlSOrnMduale 

r-vWF 190 mM el"*" 
r-vWF 230 mM du2ie 
f wWF 180 mM eluate. 




(MT's') 
xlO* 



4.53 
3.9 
3.7S 
3.19 
3.0 



(»■'), 
xlO-' 



1.85 
1.8 
1.66 

1.38 
1.16 



K4 

(M) 
xlO^ 



0.41 
0.46 
0.44 
0.43 
0.39 



25000 




1600 



Tunc (s) 



nG.2 



. r mix: rJVra 50 nl r-vWF (280 mM MaCl 
Kincuc aiulysi* of the inieracuon of r-vWF and f , concmtmion of 20 

Injected ovtr the icn»or HBS^ffcr (Phase 

AVW8/2. Non W r-vWF ^v« to bind to 
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sensor chp 5Ut&«iodb«dmoc^ binding. r-vWF P«P«J°!^'V''3^^ complex of 
'"""llZ L h^vWF w«c applied ^P^^^^^^^f S^dln nar 

data (noi shown). 

DISCUSSION 

A rjilaiim-dcpcndcni heparin 

Th. vWF molccde ccn«ins two different ^'^'f™ ^^^f ^^bu^T^ «id 1-298) u«l a 
I'^^T^o^ is located on ^'^^^'l^^'^l '^^ZUlc in the loop region 
,3 heparin binding domain ^ ^^^""^^^2. ^vidgaiion. ihowcd thid hcpjnn 

rtauhi obudncd for bp^WF wid r-vwr oiuhimcnzauoa of vV/r . ^P°VT^^ 

• «fm«DfedpiJ»tefiombun»n 
w « «L have ihown that ihe prcparauoa ot «y°P"^^^ auuBifiu^iring 

Studies by ^^=^J*iS^dSrwJ^ crvWFi)olyn^^<i«nflgtbewdu^^^ 
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l^ized within «nmo .cd, ^ of directly on plastics (47. 48). bindmg vWF wrth . 
• » ^AfiMi lechiuQue*, such at coaiinB vwr j v preparations have 

complex. 

. • -.^MTiciioQ amlYSU haj been used for the &nt 

he present bvc.igationre..t«n^^^ vWFJn tl^ 

lime 10 «udy the intemcuons beiu^n ^ concentnUiOus of 

urology. vWF n,olecul« ^rc Jf,7^ technology tX the real Umc sole. 

biomole<ile. are measured by s.ufa« J^^^i^f stoicBomeUy of vWF- 

BindinR rate constant!. equQibnum *"'><^ ^ ^ jsrur^ion of vWF with FVUl. a 
SoSeJ^VIU complex « "'^^J'^^SSSmol^ obtained, independent of the 
lichiomet^y of 2 to ^-^Z-^-^^^f ^^S, weD v^th.gel filtration ^V^^J^ 
degree of vWF P^ly^^^^^^^^^rrtnTS^ I*' ^^F monomer. By contrast, aft^ 
VlS et ri. (52). who found 0 5 f^TJT2^7^^was Wratcd by 23 times less factor Vm, 
Unmobilii^tion of vWF al a soUd surfed (52)vV^ Measurement of the 

reflecting changed bbding and/or P^^^ ^ ^ study indioites that about hdf 
vWF-pAn interaction nr * P^'^";;;^"^^^'™^^ Purified high moleojlar wagrthp^ 
or FVin-bindirg sites a^ "^^^^s^^sZir^ per FVUI molecule. raW 
vWF resulted a stoicbiomeiiy of ^ ^1 " ,y^^^ 

Lding capadiy of hp-vWF ™y 'f^^J^'lJ; STaswaiSB rate constants and dissoaatioti 
wWchls^Sssing in r-vWF (20. /^^^^ ^^uj.^ of vWF. Dissodauon r«c 
me constants art sBghUy, affected by the r-vWF-tnultimer and r-FVm 

Sns^Ton.l6 K lO-* s ' detco^ned for ^^^^'^^ ^f hpvWF and FVm 

-es ^thJJ^ dissoc^n Ta^Sro^'r^U show .at the coiUW b,nd.g 

;n rh, thmmy of patients with von Waiebrand disease 

Pl^ concentrates conc«r^g vVVf therapeutic P^^^^^^, 

unresponsive 10 the nonliansfiision.1^ *"^^ 

^^Zs^s^'^ C^^'^'^'^T^^^Xi^^^ « caused by sohible imd 
Apparently, the smioural ''"^f^VP';;^^^ 

An other way of preparation ^r;:-^^^^' ^^^^^^^^^^^ 
molecule by plasma P^'>^«^" " f^^^^^J a, weU as in prokaryotic and ar^ 
fragments h.ve been expressed at '"^"^^^ tfTjwF has been reported in most of these stuiek 
33S5). However, although '"'•'•""'^^JUd of co^ biiiflg acrivity. based on aonjty 
quanUtative data ^^'^l^'^J^'l^r^yX^ io abnormal high proporTion of r- 
:::o»^ . the. recombinant vWP preparations 
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(13 32. 33. 35. 36, 38, 40, 42, 14, 46) resulting in only low ristoccrin cofactor aciivities. Our 
previous nructurd «na]yni (20. 21) have shown thai r-vWF ii not degraded by protases during 
the fcnncniaiioo and purification process and thai r-vWF is composed of mature homo-dimcrs. 
The present results show that r-vWF produced under soum-free fenncnlation conditions exhibiis 
all qualitative and quantimive fiinctionBl properties which allow it to mediate platelet 
•Bgrcgation, promote collagen binding and bmdiEg of coagulation factor Vffl with activity 
cffidcncy comparable to human plasma-derived vWF. 
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